Prevalence of Hypertension in Mexico City
and San Antonio, Texas Steven Methods and Results We compared the prevalence of mild hypertension (systolic blood pressure >140 mm Hg and/or diastolic blood pressure 290 mm Hg and/or use of antihypertensive medications) in 1500 low-income Mexican Americans who participated in the San Antonio Heart Study and 2280 low-income Mexicans who participated in the Mexico City Diabetes Study. The crude prevalence of mild hypertension was 17.1% in Mexican men versus 24.4% in Mexican American men (P=.001) and 17.4% in Mexican women versus 22.0% in Mexican American women (P=.005). After adjustment for age, body mass index (BMI), waist-to-hip ratio (WHR), noninsulin dependent diabetes mellitus (NIDDM), educational attainment, and percent native American genetic admixture (Caucasian and native American), the odds ratio (Mexico City/San Antonio) was 0.55 (95% CI, 0.39, 0.77; P<.001) in men and 0.81 (CI, 0.54, 1.12; P=.201) in women. In a pooled model including both men and women, the odds ratio was 0.67 (95% CI, 0.53, 0.84; P<.001). In the pooled model, city, age, female sex, NIDDM, BMI, WHR, and low educational attainment were significantly related to the prevalence of hypertension.
Conclusions The causes for these differences in hypertension prevalence are not known but may reflect a less modernized lifestyle in Mexico City, including greater physical activity, less obesity, and the consumption of a high-carbohydrate, low-fat diet. (Circulation. 1994; 90:1542 -1549 Key Words * Mexico * Mexican Americans * obesity . hypertension * diabetes mellitus C ompared with non-Hispanic whites, Mexican
Americans have greater adiposity1-3 and a threefold higher prevalence"3-6 and incidence7 of non-insulin dependent diabetes mellitus (NIDDM), both of which are well-recognized risk factors for hypertension. Body fat distribution is also a recognized risk factor for hypertension,8-"1 and Mexican Americans also have a more unfavorable pattern of this risk factor.2'12 '13 Paradoxically, despite having excess risk factors for hypertension, Mexican Americans have a similar or lower prevalence14-18 and incidence19 of this condition compared with non-Hispanic whites.
Little information is available on cardiovascular disease in Mexico, the country of origin for Mexican Americans. We have previously reported, however, that subjects in a low-income area of Mexico City have less obesity and diabetes but greater upper-body adiposity than Mexican Americans in a low-income area of San Antonio.20 Mexicans in Mexico City and Mexican Americans in San Antonio have a relatively similar genetic admixture (Caucasian and native American).20
There are major dietary differences between Mexico City and San Antonio, with a higher-carbohydrate, lower-fat diet being consumed in Mexico City. 21 In this article, we compare the prevalence of hypertension in Mexico City and San Antonio, Tex. We also explore the relation of obesity, body fat distribution, diabetes, genetic admixture, and level of educational attainment to hypertension prevalence in these two cities.
Methods San Antonio Heart Study
The San Antonio Heart Study is a population-based study of diabetes and cardiovascular disease in Mexican Americans and non-Hispanic whites that was designed to separate the effects of ethnic background, cultural orientation, and socioeconomic status on the incidence and prevalence of diabetes and cardiovascular disease. From 1979 through 1982 (phase 1) and from 1984 through 1988 (phase 2), we randomly selected households from several San Antonio, Tex, census tracts, including lowincome (barrio), middle-income (transitional), and high-income (suburban) census tracts.13 The low-income neighborhoods were exclusively Mexican American; the middle-income neighborhoods were approximately 50% Mexican American and 50% non-Hispanic white; and the upper-income neighborhoods were composed of 10% Mexican Americans and 90% non-Hispanic whites. All men and nonpregnant women 25 to 64 years of age who resided in the randomly selected households were eligible to participate. Mexican Americans were defined as individuals whose ancestry and cultural traditions derived from a Mexican national origin.22 Detailed descriptions of the 1979 through 1982 survey (phase 1) and the 1984 through 1988 survey (phase 2) have been published.",3
In October 1987, we began an 8-year follow-up of the phase 1 cohort to determine the incidence of non-insulin dependent diabetes mellitus (NIDDM) and cardiovascular disease.7 This follow-up survey was completed in November 1990. Because the Mexico City survey included only individuals 35 to 64 years old living in low-income colonias, the San Antonio data presented in this paper are restricted to 35to 64-year-old Mexican Americans residing in the low-income San Antonio barrios who completed the clinic examination. Because the phase 1 cohort did not include baseline measurement of waist and hip circumferences, we further restricted the analyses in this report to subjects in the baseline phase 2 (1984 through 1988) cohort and phase 1 cohort follow-up (1987 through 1990) in whom waist and hip circumferences were measured.
Mexico City
The selection of colonias in Mexico City was based on a number of criteria. After extensive drivethroughs, we identified colonias that appeared relatively homogeneous and typical of low-income areas of Mexico City. The 1980 Mexico census data were used to confirm these impressions. Finally, proximity to our clinic site (Centro de Estudios en Diabetes) was also a factor. Complete enumeration of these colonias was carried out from November 1989 through November 1991. All men 35 to 64 years old and nonpregnant women were considered eligible. The overall response rate was 56.1% in men and 73.4% in women.
All surveys were approved by the Institutional Review Boards of the University of Texas Health Science Center at San Antonio and the Centro de Estudios en Diabetes of the American British Cowdray Hospital in Mexico City, and all subjects gave informed consent. Educational attainment was categorized as <8 years; 8 years; and >8 years. Similar results on the effect of city on the prevalence of hypertension, however, were obtained with different cutoff points, including <12 years; 12 years (high school); and >12 years, which may be more suitable for San Antonio.
Physical Measurements
At both study sites, height, weight, waist and hip circumferences, and skin reflectance were measured as previously described.612,2324 Body mass index (BMI) was calculated as weight (in kilograms) divided by height (in meters) squared and was used as an index of overall adiposity. The ratio of waist-to-hip circumference (WHR) was used as a measure of upper body fat distribution. Skin reflectance was measured with a reflectance meter (Photovolt) with three tristimulus filters on the inner aspect of the right upper arm, a sunshielded site.6 23Lower reflectance values indicate darker skin color and thus greater native American admixture. Systolic (first phase) and diastolic (fifth phase) blood pressures were measured to the nearest even digit with a randomzero sphygmomanometer (Hawksley-Gelman). Three readings were recorded for each individual, and the average of the second and third readings was defined as the subject's blood pressure.25 Mild hypertension was defined as a systolic blood pressure 2140 mm Hg and/or a diastolic blood pressure 290 mm Hg and/or current use of antihypertensive medications, which corresponds to the mild hypertension category of the Joint National Committee on Detection, Evaluation, and Treatment of High Blood Pressure (JNC V).26 Moderate hypertension was defined according to the JNC V26 as a systolic blood pressure 2160 mm Hg and/or diastolic blood pressure >100 mm Hg and/or current use of antihypertensive medication. The definition of "mild" hypertension thus includes individuals with moderate hypertension. The results of analyses using either the mild or moderate definition of hypertension were very similar. Therefore, we emphasized the mild definition because of the larger number of cases.
Before beginning the survey in Mexico City, the Mexico City clinic staff traveled to San Antonio and participated in a weeklong joint training session with the San Antonio staff. The training session followed procedures that we have used at approximately 6-month intervals since 1979 during field work for the San Antonio Heart Study. Descriptions of our training Blood Chemistry Measurements Fasting plasma glucose concentrations were determined by a glucose oxidase method.1 Glucose concentrations were also determined 2 hours after a standardized 75 -g oral glucose load.28 In Mexico, plasma was stored in a -70°C freezer until shipped to San Antonio in dry ice at 4-to 6-week intervals. Shipments arrived in San Antonio within 48 hours of being sent. Although glucose measurements were also made in Mexico City for clinical purposes, all research measurements were made in San Antonio in the Division of Clinical Epidemiology laboratory.
Diabetes was diagnosed according to the World Health Organization criteria. 28 Subjects who gave a history of diabetes and who at the time of their clinic examination reported treatment with either insulin or oral antidiabetic agents were considered to have diabetes regardless of their plasma glucose values. Diabetic subjects who were not taking insulin were considered to have NIDDM. Insulin-taking diabetic subjects whose age of onset was >40 years and whose BMI was >30 kg/M2 were also considered to have NIDDM. The remaining insulin-taking diabetic subjects were considered to have insulin-dependent diabetes mellitus or to be unclassifiable and are excluded from the analyses.
Statistical Analyses
Statistical significance for continuous variables was tested by t tests and for dichotomous variables by X2 tests (Tables 1 and  2 ). Summary odds ratios (OR) for city, adjusted for age, socioeconomic status (Table 3) , NIDDM and genetic admixture (Table 4) , and BMI and WHR (Table 5) were calculated by the Mantel-Haenszel technique. The effect of city (Mexico City versus San Antonio) on hypertension prevalence was also evaluated by multiple logistic regression models ( Table 6 ). The SAS statistical package was used for all analyses. 29 We fit interaction terms between city and the other independent variables (eg, BMI) in multiple logistic regression analysis. None of these interactions were statistically significant (all P>.05). We explored the possibility of multicollinearity by examining a correlation matrix between blood pressure and the potential independent variables (data not shown). The correlations were all <0.5; thus, multicollinearity was not felt to be a significant problem. Table 1 shows the clinical, anthropometric, and metabolic characteristics of the two populations. Mexicans have a significantly lower prevalence of both mild and moderate hypertension than Mexican Americans. In men, the prevalence of mild hypertension is 17.1% in Mexico and 24.4% in San Antonio (P=.001), and in women it is 17.4% in Mexico and 22.0% in San Antonio (P=.005). The systolic blood pressure is higher in San Antonio than in Mexico, but there is no significant difference in diastolic blood pressure or age between the two cities. Mexicans have higher WHR than Mexican Americans. On the other hand, Mexicans have significantly lower BMI, fasting glucose (women only), 2-hour glucose, and prevalence of NIDDM. There is no significant difference in fasting glucose in men between the cities. Skin color is significantly darker in Mexican men and lighter in Mexican women than in the respective comparison groups, but the magnitude of these differences is very small and probably within the error of the method (J.H. Relethford, oral personal communication, 1992).
Results
Mexican American hypertensive subjects were significantly more likely to be on antihypertensive medications than hypertensive subjects in Mexico City ( Table   2 ). We considered whether the lower hypertension procedures have appeared elsewhere.12,20,27 prevalence in Mexico City might be due to an ascertainment bias resulting from physicians' having a lower blood pressure threshold for diagnosing and treating hypertension in San Antonio than in Mexico City. Since subjects on antihypertensive medications were considered to have hypertension regardless of their blood pressure levels, such a bias could inflate the prevalence estimates in San Antonio relative to Mexico City. If there were such an ascertainment bias, one would expect that the mean blood pressure among untreated individuals would be higher in Mexico City than in San Antonio because of the presence of untreated hypertensive subjects in Mexico City. However, the opposite was in fact the case (Table 2) , with significantly lower systolic blood pressure in untreated men and women in Mexico City compared with San Antonio (MCISA). Diastolic blood pressure was also significantly lower in Mexican American men, but there was no significant difference in diastolic blood pressure by city in women. Interestingly, diastolic blood pressure in both sexes was higher in treated hypertensive subjects in Mexico City than in San Antonio, suggesting that patients in Mexico City may be less compliant. Alternatively, physicians may be less aggressive in treatment of hypertension in Mexico City. Tables 3 through 5 show the Mantel-Haenszel adjusted OR for the prevalence of mild hypertension in Mexico compared with San Antonio, adjusted for possible confounding variables. In each case, the adjusted Mantel-Haenszel OR was significantly less than 1.0, indicating a lower prevalence of hypertension in Mexico than in San Antonio. For example, Mantel-Haenszel OR (MC/SA) adjusted for age in men was 0.57 (95% CI, 0.43, 0.75; P=.001). Age, BMI, WHR, and NIDDM were significantly positively related to the prevalence of hypertension. Education was significantly inversely related to the prevalence of hypertension. Skin color was not significantly related to the prevalence of hypertension. Table 6 shows the results of multiple logistic regression analyses with mild hypertension as the dependent variable. The independent variables were age, BMI, WHR, city, NIDDM, genetic admixture, and educational attainment. The city OR (MC/SA) for the prevalence of mild hypertension was 0.55 (95% CI, 0.39, 0.77; P<.001) in men, 0.81 (95% CI, 0.59, 1.12; P=.201) in women, and 0.67 (95% CI, 0.53, 0.84; P=.001) in both sexes pooled. Age and BMI were significantly associated with the prevalence of hypertension in all three logistic models. The presence of NIDDM and low educational status was significantly associated with hypertension in men. In the pooled model, age, female sex, BMI, NIDDM, WHR, and low educational status were significantly associated with the prevalence of mild hypertension.
We also carried out multiple logistic regression analyses with moderate hypertension as the dependent variable. The same set of independent variables as shown in Table 6 was included in these analyses. The city OR (MC/SA) for the prevalence of moderate hypertension was 0.65 (95% CI, 0.42, 0.98; P=.042) in men, 0.76 (95% CI, 0.53, 1.09; P=.132) in women, and 0.68 (95% CI, 0.52, 0.89; P=.006) in both sexes pooled. In men, city, age, NIDDM, BMI, and low educational status significantly predicted the prevalence of moderate hypertension. In women, age and BMI significantly predicted the prevalence of hypertension. In men and women pooled, city, age, BMI, NIDDM, WHR, and low educational status significantly predicted the prevalence of hypertension.
Discussion
Hypertension occurs more frequently among lowincome Mexican Americans residing in San Antonio than in low-income Mexicans residing in Mexico City. There is about a 30% excess of hypertension in Mexican Americans after adjustment for confounding variables such as age, obesity, body fat distribution, diabetes, and educational attainment. This finding complements a previous report that Mexican Americans have an increased prevalence of NIDDM compared with Mexicans. 20 The cause of the excess prevalence of hypertension in Mexican Americans residing in San Antonio relative to Mexicans residing in Mexico City is unknown. In subjects who were not treated with antihypertenslve agents, the deficit of hypertension in Mexico City appears to be mainly due to a lower systolic blood pressure. Native Americans have been reported to have a very low prevalence of hypertension. 30 native American genetic admixture is relatively similar in Mexicans and Mexican Americans.20 Both age and obesity (as measured by BMI) strongly predicted the prevalence of hypertension in both Mexico City and San Antonio. These factors remained statistically significant in multivariate analysis. In contrast, WHR and NIDDM were strongly predictive of hypertension prevalence in univariate analysis but were weaker although still significant predictors in multivariate analysis, at least for mild hypertension with both sexes pooled. In previous reports, obesity,30 NIDDM,31,32 and upper-body adiposi-ty8-11 have all been reported to be related to blood pressure and hypertension prevalence. Level of genetic admixture was not associated strongly with hypertension prevalence. Measurement of native American admixture is generally felt to be too imprecise to estimate admixture for individuals but is considered adequate for group estimates.33 Furthermore, the range of native American admixture is quite restricted in this report, since analysis was restricted to subjects living in low-income areas of San Antonio and Mexico City. We found an inverse association between educational attainment and the prevalence of hypertension in univariate analysis in both cities (Table  3 ). However, in multivariate analysis, educational status was inversely associated with hypertension only in men. We have previously reported an inverse association between hypertension prevalence and educational attainment in Mexican Americans and non-Hispanic whites in San Antonio. 18 Presumably the absence of such a relation in women in the current report may be due to restriction OR indicates odds ratio; Cl, confidence interval; MC, Mexico City; SA, San Antonio; BMI, body mass index; NIDDM, noninsulin dependent diabetes mellitus; WHR, waist-to-hip ratio.
*Mild hypertension defined as systolic blood pressure .140 mm Hg and/or diastolic blood pressure .90 mm Hg and/or antihypertensive medications. of analyses to low-income subjects, so that the distribution of socioeconomic status and educational attainment is markedly attenuated.
One limitation of the present report is that we have either no information or only limited information on potentially important confounding variables such as salt intake and diet composition. Both alcohol34 and salt intake35 are important correlates of blood pressure. However, we have no information on salt intake in either population, although we have information on alcohol intake. Alcohol intake is slightly higher in San Antonio Mexican American men than in Mexican men.21 However, further adjustment for alcohol intake in multiple logistic regression analyses similar to those presented in Table 6 did not alter the city ORs appreciably. Alcohol intake is very low in both Mexican and Mexican American women.21 Calcium intake may be higher in Mexico
